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Summary
Notch and its ligands mediate short-range cell interactions
that play a conserved role in inducing cell fate specification
[1]. Several regulatory mechanisms have been described to
ensure robust polarized signaling from signal-sending to
signal-receiving cells. High levels of ligand expression acti-
vate Notch in nearby cells and exert a cell-autonomous
dominant-negative effect on Notch activity. This regulatory
process is called cis-inhibition and helps to restrict Notch
activation to signal-receiving cells [2–6]. By combining
genetic mosaics in the Drosophila wing primordium with
cell culture assays, we present evidence here that Notch
promotes the clearance of Serrate ligand from the cell
surface and exerts an inhibitory effect on the activity of
Serrate expressed in the same cell. These regulatory mech-
anisms are independent of Notch-mediated transcription
and are executed by the extracellular domain of Notch. We
show that this process is required to block Serrate-mediated
activation of Notch in the signal-sending cell population and
helps to restrict Notch activation to the signal-receiving
cells. Altogether, our results, in concert with previous
results on ligand-mediated Notch cis-inhibition, indicate
that mutual inhibition between ligand and receptor in
signal-sending cells helps to block Notch activity in these
cells and to restrict receptor activation in signal-receiving
cells.
Results and Discussion
In the fly wing primordium, Notch is activated in a stripe of cells
corresponding to the boundary between dorsal (D) and ventral
(V) compartments [7, 8] (Figures 1A and 1B). Activation of
Notch is a consequence of interactions between D and V cells
mediated by the activity of Notch ligands Serrate (Ser) and
Delta (Dl). In the early wing primordium, expression of the
LIM-homeodomain transcription factor Apterous in D cells
activates the expression of Ser and the glycosyltransferase
Fringe (Fng) and restricts expression of Dl to V cells
(Figure 1A; [7–11]). Fng modifies the receptor Notch and
makes D cells more sensitive to Dl and less sensitive to Ser
[12, 13]. Unmodified Notch in V cells responds better to Ser
than to Dl. The preferential response of Notch to the ligand
expressed in the opposite compartment ensures activation
of the Notch pathway only at the DV boundary. Notch*Correspondence: marco.milan@irbbarcelona.orgactivation induces Ser and Dl expression, thus leading to
a positive feedback loop that transiently maintains the expres-
sion of the ligands and the activation of the pathway [13]. Later
in development, activation of Notch in boundary cells is medi-
ated by the activity of Dl and Ser expressed at high levels in
nearby signal-sending cells (Figures 1A and 1B; [2, 4]).
Overexpression of the extracellular domain of Notch has
been previously shown in C. elegans and Drosophila to reduce
the capacity of a cell to signal [14, 15], and Notch has recently
been reported to promote endocytosis of certain ligands in
vertebrates [16]. However, the functional relevance of these
processes has not been addressed so far. Here, we examined
in the Drosophila wing primordium the contribution of Notch in
regulating ligand cell surface levels and studied its functional
relevance.
Notch Promotes Ser Clearance from the Cell Surface
We first analyzed Ser and Dl cell surface levels in clones of
cells mutant for a null allele of Notch (N55e11) or expressing
a double-stranded RNA (dsRNA) form of Notch, NdsRNA, which
leads to a strong reduction in Notch protein levels (see
Figure S1 available online). Depletion of Notch led to an
increase in cell surface levels of Ser, but not of Dl, protein
(Figures 1C–1G; Figure S1). This increase was observed in
clones of cells located close to the DV boundary, in D and V
clones far away from the DV boundary (Figures 1D, 1F, and
1G, red arrowheads), and in leg primordia (Figure S2), indi-
cating that Notch has a widespread role in reducing Ser cell
surface levels.
In the wing, Ser is transcribed at both sides of the DV
boundary and along the presumptive wing veins, as monitored
by a reporter construct of Ser (Ser-lacZ [17]; Figure 1B). We
noticed that Notch depletion led to an increase in Ser cell
surface levels only in these regions (Figures 1C, 1D, 1F, and
1G), suggesting that the increase in Ser protein levels is not
a consequence of de novo induction of Ser transcription.
Consistent with this notion, Ser transcription was not
increased in cells expressing NdsRNA (Figure 1E). To confirm
the posttranscriptional regulation of Ser protein levels by the
activity of Notch, we induced Ser transcription by means of
expression of a dominantly active form of Notch (NINTRA) and
compared Ser cell surface levels in the absence or presence
of endogenously expressed Notch. Ser levels were strongly
increased in the absence of endogenous Notch (in cells coex-
pressing NdsRNA and NINTRA; Figure 1H), but not in its presence
(in cells expressing NINTRA alone; Figure 1J), even though
Ser-lacZ expression levels were slightly increased in both situ-
ations (Figures 1I and 1K). We can thus conclude that Notch
has a role in reducing Ser, but not Dl, protein levels, and that
this effect is not a consequence of reduced Ser transcription.
We observed that the increase in Ser cell surface levels was
not uniform in Notch mutant clones (Figures 1C, 1D, 1F, and
1G). Cells located at the periphery of the clone tended to
express a similar level of Ser protein at the cell surface as
wild-type cells. This effect was even more evident in clones
of cells expressing NdsRNA and NINTRA (Figure 1H). These find-
ings suggest that Notch expressed in wild-type cells can
apparently lower Ser accumulation in adjacent Notch mutant
Figure 1. Serrate Cell Surface Levels Are Regu-
lated by Notch
(A) Summary depicting the gene regulatory
network involved in dorsal-ventral (DV) boundary
formation in the wing primordium. Early in devel-
opment (left), the LIM-homeodomain protein
Apterous (Ap) induces Serrate (Ser) and Fringe
(Fng) expression in D cells and restricts Delta
(Dl) expression to V cells. Ser signals to V cells
to activate Notch. Likewise, Dl signals to D cells
to activate Notch modified by Fng along the DV
boundary. In the late wing primordium (right),
Notch activation along the DV boundary is medi-
ated by the activity of Notch ligands Ser and Dl,
expressed in cells abutting the DV boundary.
Fng is preferentially expressed in D cells at these
stages.
(B) Wing discs labeled to visualize Ser protein in
red and Dl protein in purple, Ser-lacZ expression
(antibody to b-gal) in blue, and Wingless (Wg)
protein expression in green. The DV boundary is
indicated by a white arrow. Scale bars represent
40 mm.
(C–K) Wing discs with clones of cells expressing
NdsRNA (C–E), mutant for N55e11 (F and G),
expressing NINTRA and NdsRNA (H and I), or
expressing NINTRA alone (J and K) and marked
by the presence (C–E and G–K) or absence (F) of
GFP. Ser protein expression is shown in red or
white, GFP in green or red, andSer-lacZ (antibody
to b-gal) in blue. In all cases, confocal subapical
sections of the tissue were taken. Note increased
levels of Ser protein at the cell surface in (C)–(H),
reduced expression of Ser-lacZ in (E) (white
arrow), and increased Ser-lacZ expression in
(I) and (K) (white arrows). The contour of the
clones is marked by a green line. Scale bars repre-
sent 10 mm. d indicates dorsal compartment;
v indicates ventral compartment.
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555cells [16]. Alternatively, reduced levels of Ser at the cell surface
might be a consequence of Notch trans-activation in nearby
wild-type cells (see below).
The increase in Ser cell surface levels observed in Notch
mutant clones is most probably a consequence of reduced
Ser endocytosis, because Notch has been reported to
promote endocytosis of certain ligands in vertebrates [16].
This prompted us to first analyze the intracellular localization
of Ser in wing cells close to the DV boundary. Most Ser protein
detected by antibodies was localized in either Rab-5-positive
early endosomes or Rab-7-positive late endosomes (Fig-
ure S3). 74% (n = 190) and 63% (n = 204) of the Ser-containing
vesicles were labeled with Rab-5-GFP and Rab-5 antibody,
respectively; 26% (n = 194) were labeled with Rab-7-GFP;
and only 9% (n = 132) were labeled with Rab-11-GFP, a marker
of recycling endosomes (Figure S3). Thus, most if not all intra-
cellular Ser detected by antibodies is localized in endocytic
vesicles that traffic from the cell surface either toward lyso-
somal degradation or to recycling endosomes.
We next addressed the role of Notch in promoting Ser endo-
cytosis. In cells expressing NdsRNA, Ser cell surface levels were
increased, but endocytic vesicles were still observed (Figures
2Aa, 2Ab, 2Da, and 2Db). The number of Ser-containing vesi-
cles was significantly reduced in cells mutant for N55e11(Figures 2Ba and 2Bb; red bars in Figure 2G) when compared
to wild-type cells (blue bars in Figure 2G; p = 0.7 3 1023) of
the same wing disc. However, Ser-containing vesicles were
not abolished, suggesting the existence of alternative and
perhaps redundant mechanisms mediating the endocytosis
of Ser. Ubiquitination of Ser by the ubiquitin ligase Mind
bomb-1 (D-mib1) induces Ser endocytosis and is an obligate
feature of Ser activation [18]. As previously reported [19], in
cells mutant for a null allele of D-mib1 (D-mib12), Ser cell
surface levels were increased and the number of Ser-contain-
ing vesicles was significantly decreased (Figures 2Ca and 2Cb;
red bars in Figure 2H) when compared to wild-type cells
(blue bars in Figure 2G; p = 0.039). Because the reduction in
the number of Ser-containing vesicles was not complete in
the absence of either Notch or D-mib1, we monitored Ser traf-
ficking when both Notch and D-mib1 activities were depleted.
Depletion of both activities (via NdsRNA expression and
a weaker allele of D-mib1, D-mib11) led to a strong increase
in Ser cell surface levels and an almost complete reduction
in the number of Ser-containing vesicles (Figures 2Fa and
2Fb) when compared to NdsRNA expression (Figures 2Da and
2Db) or a D-mib11 mutant condition (Figures 2Ea and 2Eb).
To further analyze the role of both Notch and D-mib1 in
promoting Ser endocytosis, we followed the endocytosis of
Figure 2. Notch and D-mib1 Promote Ser endocytosis
(A–F and I–K) Confocal Z sections (Aa–Fa and I–K) or xy subapical sections (Ab–Fb) of clones of cells expressing NdsRNA (Aa, Ab, Da, Db, and I), mutant for
N55e11 (Ba and Bb), mutant forD-mib12 (Ca and Cb), mutant forD-mib11 (Ea, Eb, and J), or expressing NdsRNA and mutant forD-mib11 (Fa, Fb, and K) marked
by GFP (green) and labeled to visualize Ser protein (red or white) expression. The contour of the clones is marked by a green line. ap indicates apical; bs
indicates basal. Scale bars represent 10 mm. In (I)–(K), localization of anti-Ser antibodies that have been internalized by wild-type or mutant cells is shown.
(G and H) Histograms plotting the number of Ser-containing vesicles observed in 16 N55e11 (G) or 7 D-mib12 (H) mutant clones (red bars) and in the corre-
sponding adjacent wild-type territories covering the same area (adjacent blue bars).
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556Ser in living imaginal discs via an antibody uptake assay
(described in [19]). Using this assay, we found that anti-Ser
antibodies were internalized in wing cells abutting the DV
boundary (Figures 2I–2K; see wild-type cells not labeled by
GFP), and depletion of both Notch and D-mib1 activities led
to an almost complete reduction in the number of endocytic
vesicles containing anti-Ser antibodies together with a
dramatic increase in the membrane localization of anti-Ser
antibodies (Figure 2K) when compared to NdsRNA expression
(Figure 2I) or a D-mib11 mutant condition (Figure 2J). Because
most if not all intracellular Ser is localized to endocytic vesicles
(see above), these results together indicate that Notch and
D-mib1 constitute the two major molecular mechanisms
involved in promoting Ser endocytosis in wing cells. It is inter-
esting to note, however, that in a situation of mild reduction of
Notch activity, Ser cell surface levels were increased, but the
number of endocytic vesicles was not affected (Figures 2Da,
2Db, and 2I). Thus, Notch might also have a role in reducing
Ser recycling or trafficking of newly synthesized protein.
Notch Exerts a Cell-Autonomous Dominant-Negative
Effect on Ser
We next characterized the functional relevance of Notch in
reducing Ser cell surface levels. In the absence of Notch, the
capacity of Ser to efficiently signal in trans might be improved
as a consequence of reduced cis-interaction with Notch, and
increased Ser cell surface levels might increase this capacity
even further. Thus, we monitored Notch activation in wild-
type cells abutting those cells expressing NdsRNA or mutant
for N55e11. These clones led to a cell-autonomous loss ofexpression of cut and wingless (wg) (Figures 3A and 3B and
Figure S2, green arrowheads), two genes regulated by Notch
at the DV boundary [4, 7, 8]. Interestingly, those clones located
close to the DV boundary produced a nonautonomous
activation of Notch in nearby wild-type cells, as monitored
by the ectopic expression of Cut and Wg (Figures 3A–3C and
Figure S2, red arrows; Figure 3H). Because Ser expression is
higher close to the boundary (Figure 1B) and Ser cell surface
levels were increased in these clones (Figures 3A and 3B,
bottom panels, yellow arrows), we hypothesize that the
ectopic activation of Notch was due to the activity of Ser at
the cell surface. Consistent with this notion, NdsRNA-express-
ing clones of cells lacking Ser and Dl or Ser alone did not
induce Notch activation in adjacent cells (compare Figures
3D and 3E with Figure 3C; see also Figure 3H), even though
Notch protein levels were still reduced in these conditions
(Figure S1). When lacking Dl, NdsRNA-expressing clones still
had the capacity to activate Notch in adjacent cells (Figures
3F and 3H). NdsRNA-expressing clones mutant for D-mib1
were also unable to induce Notch activation nonautonomously
(Figure 3G). Together, these data indicate that Notch exerts
a cell-autonomous dominant-negative effect on Ser.
To confirm the observed inhibitory effects of Notch on Ser
activity, we established a cell-based assay of Notch-induced
inhibition of ligand signaling. Cells were first transfected
to express Notch together with a Notch-responsive firefly
luciferase reporter construct containing six Su(H) binding
sites [three copies of the paired Su(H) binding sites from
E(spl)m8] and a control renilla luciferase plasmid to monitor
transfection efficiency [20–22]. These cells were cocultured
Figure 3. A Dominant-Negative Effect of Notch
on Ser Activity
(A and B) Wing discs with clones of cells express-
ing NdsRNA (A and C) or mutant for N55e11 and
labeled by the expression of GFP. The bottom
panel in (B) shows a clone labeled by the absence
of GFP. In clones abutting the DV boundary, loss
of Cut, Wg, orwg-lacZ (antibody to b-gal, in red or
white) was frequently observed (green arrow-
heads), and Ser protein levels were elevated
(in blue, indicated by yellow arrows), which often
led to the ectopic expression of Cut, Wg, or
wg-lacZ in adjacent wild-type cells (red arrows).
Expression of msh-lacZ (antibody to b-gal, blue)
was used to label the dorsal compartment [29].
Higher magnifications of boxed fields are shown
at right. Scale bars represent 10 mm.
(C–G) Wing discs with clones of cells expressing
NdsRNA (C) or expressing NdsRNA and mutant for
DlRvF10 and SerRX82 (D), SerRX82 (E), DlRvF10 (F),
or D-mib1 (D-mib11, G). Cut expression is shown
in red or white, and clones were labeled by the
expression of GFP. Red arrows point to nonau-
tonomous expression of Cut. Scale bars repre-
sent 40 mm.
(H) The percentage of clones of the genotypes
used in (A)–(G) inducing nonautonomous activa-
tion of the Notch pathway. Clones were scored
in dorsal and ventral compartments.
(I and J) Notch effects on ligand signaling activity.
S2 Mt-N cells were cotransfected with a luciferase
Notch reporter and a control RNA polymerase
III-renilla luciferase reporter to assess Notch
signaling activity. These cells were cocultured
with S2 cells expressing ligand; ligand and Notch;
ligand, Fringe, and Notch; or an empty vector as
a control. The data presented are the average of
three replicates (6 standard deviation) and are
from one experiment representative of three
independent experiments.
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557with Ser-expressing cells to provide the activating ligand in
trans or with S2 cells to control for ligand-independent activa-
tion. For cells expressing Notch, coculture with Ser cells
caused a 3-fold induction of reporter gene expression over
background from cells transfected with the control (empty)
vector (Figure 3I; p = 0.016). Similar results were found when
signal-receiving cells expressing Notch were cotransfected
with Fng and the Notch-responsive reporter construct
(Figure S2; p = 0.017). Fng modifies the extracellular domain
of the receptor Notch and makes it more sensitive to Dl
(reviewed in [23]). For cells cotransfected to express Notch
and Fng, coculture with Dl cells caused a 3-fold induction of
reporter gene expression over background from cells trans-
fected with the control (empty) vector (Figure 3J; p = 0.007).
When signal-receiving cells lacked Fng, a milder induction
of reporter gene expression was observed (Figure 3J;
p = 0.012). When analyzing how Notch expression affects the
ligand signaling capacity, we observed that Ser signaling
capacity was highly impaired by the presence of Notch in the
same cell (Figure 3I; p = 0.017). Similar results were found
when signal-receiving cells were cotransfected with Notch,
Fng, and the Notch-responsive reporter construct (Figure S2;
p = 0.014). Dl signaling capacity was unaffected by thepresence of Notch (p = 0.376) or Notch and Fng (p = 0.296) in
the same cell (Figure 3J). Thus, our in vivo and in vitro studies
show that Notch exerts an inhibitory effect on the signaling
activity of Ser.
Ser cis-Inhibition Is Mediated by the Extracellular Domain
of Notch
Our results suggest that Notch promotes Ser clearance from
the cell surface and exerts a cell-autonomous dominant-nega-
tive effect on Ser. These roles did not depend on the transcrip-
tional activity of Notch, because coexpression of NINTRA
together with NdsRNA rescued Notch transcriptional activity in
a cell-autonomous manner, as monitored by the expression
of wg and cut, but the nonautonomous effects on Notch acti-
vation were still observed (Figures 4Aa, 4Ab, and 4C). Indeed,
we observed that these clones induced nonautonomous acti-
vation of Notch far away from the DV boundary, most probably
as a result of increased Ser transcription induced by NINTRA
and accumulation of Ser at the cell surface due to the absence
of endogenous Notch (Figure 4C). Notch protein levels, visual-
ized with an antibody against the extracellular domain, were
still reduced in this condition (Figure S1). Similar results
were obtained with another constitutively active form of Notch,
Figure 4. The Extracellular Domain of Notch Is
Required and Sufficient to Promote Endocytosis
and cis-Inactivation of Ser
(A–I) Wing discs with clones of cells expressing
NdsRNAandNINTRA (Aa, Ab, and C),NINTRA (B and D),
NdsRNA and NNEXT (Ea, Eb, and F), or NNEXT (G) or
mutant for kuzbanian (kuz1405, H and I) and labeled
by the presence (A–G) or absence (H and I) of
GFP (green). Cut or Wg (red or white) and Ser
protein expression (blue or white) are shown.
Higher magnifications of the boxed fields in (Aa)
and (Ea) are shown in (Ab) and (Eb).
(J–Q) Wing discs with clones mutant for two
different alleles of Notch, NCo (J–N) and NM1
(O–Q), and marked by the absence of GFP.
Wing discs were labeled to visualize the intracel-
lular (J) or extracellular (K and O, purple) domains
of Notch, Ser protein levels (L, M, and P, blue or
white), and Wg or Cut protein expression (N, P,
and Q, red or white).
In (I) and (M), Z sections of wing discs are shown.
ap indicates apical; bs indicates basal. Scale bars
represent 40 mm in (A)–(E), (G), and (N) and 10 mm
in (F), (I)–(M), and (O)–(Q).
Current Biology Vol 20 No 6
558NEXT (a truncated membrane-anchored form of Notch lacking
the extracellular fragment; Figures 4Ea, 4Eb, and 4F and
Figure S1). Clones of cells expressing NINTRA or NEXT alone
induced target gene expression only cell autonomously (Fig-
ures 4B and 4G), and Ser protein levels were not increased in
these cells (Figure 4D and data not shown). We then monitored
the capacity of a full-length unprocessed form of Notch at the
membrane to mediate inhibition of Ser in cis. In clones of cells
mutant for the metalloprotease Kuzbanian [1], unprocessed
full-length Notch was localized at the cell surface (Figure S1),
Ser cell surface levels remained unchanged (Figure 4I), and
mutant cells were unable to induce activation of the Notch
pathway in nearby cells (Figure 4H). Thus, the role of Notch
in reducing Ser cell surface levels and inactivating Ser is inde-
pendent of transcription and is most likely due to the activity of
Notch protein at the cell surface.
We next analyzed the role of the extracellular domain of
Notch in this process. We took advantage of the confluens
allele of Notch (Nco), which generates a truncated form of Notch
lacking the intracellular domain [24] (Figure 4J). In Nco mutant
clones, Notch had accumulated at the cell surface
(Figure 4K), Ser cell surface levels were not increased (Figures
4L and 4M), and the nonautonomous effects were not observed
(Figure 4N). These results indicate that the extracellular domainof Notch is sufficient to reduce Ser cell
surface levels and Ser activity in cis.
Consistent with this notion, coexpres-
sion of NECN, a truncated form of Notch
lacking the intracellular fragment,
together withNdsRNA rescued the defects
in Ser cell surface levels and the nonau-
tonomous activation of Notch caused
by depletion of Notch (Figure S3).
The extracellular domain of Notch
contains an array of 36 EGF repeats,
two of which, repeats 11 and 12, are
required for direct interactions between
Notch with Dl and Ser in trans [25].
A recent report suggests that the same
EGF repeats are involved in interactionsin cis with the ligands [26]. In clones of cells mutant for NM1,
with a defective EGF repeat 12 [27], Notch was localized at
the cell surface (Figure 4O), Ser cell surface levels were
increased (Figure 4P), and a nonautonomous activation of
the pathway was observed (Figure 4Q). The effects of these
clones were milder than those caused by N55e11 mutant cells
or by cells expressingNdsRNA (frequency of clones:NM1 = 31%,
n = 38; N55E11 = 54%, n = 37; NdsRNA = 56%, n = 82). Thus, the
EGF10–12 region of Notch contributes to cis-inactivation of
the ligand.
Another class of Notch alleles, the Abruptex class, which
behave as dominantly active forms of Notch, have been map-
ped to the EGF20–27 region and are reported to be insensitive
to ligand-mediated cis-inhibition [28]. In clones of cells mutant
forNAxM1, with a defective EGF repeat 25, Notch was located at
the cell surface and Ser cell surface levels were unaffected
(Figure S3). Only a cell-autonomous activation of the Notch
pathway was observed in these clones (Figure S3). We can
thus conclude that the ligand-binding EGF repeats 10–12 of
the Notch extracellular domain contribute to Ser cis-inhibition
and Ser clearance from the membrane, whereas the EGF
repeats 20–27 are not involved in these processes.
We would thus like to propose that Notch binds to Ser in
cis at the cell surface, probably through the extracellular
Notch-Mediated Ligand cis-Inhibition
559ligand-binding EGF10–12 domain, and that this interaction
promotes Ser clearance from the cell surface. Ser clearance
is most probably a consequence of increased endocytosis,
although effects on recycling or trafficking of newly synthe-
sized protein should also be considered. Notch trafficking is
most probably not required in this process, because in Nco
mutant clones, Ser cell surface levels were not increased
(Figures 4L and 4M), but Notch had accumulated at the cell
surface (Figure 4K) and was rarely found in intracellular vesi-
cles (Figure S3). Although the reduced Notch trafficking
observed in Nco mutant cells might be sufficient to promote
Ser clearance from the cell surface, alternative scenarios might
explain these observations. Interaction between the extracel-
lular domain of Notch and Ser might lead to a conformational
change in the ligand, which induces Ser clearance, or Notch-
ligand interaction might recruit a third element involved in
promoting Ser clearance.
Altogether, our results, in concert with the previous results
on ligand-mediated Notch cis-inhibition (reviewed in [5]), indi-
cate that two regulatory mechanisms involving cis-interac-
tions between ligand and receptor occur within the same cell
population, the signal-sending one, to modulate the activity
of the receptor Notch or the capacity of the Ser ligand to
send the signal and to restrict Notch activation only in the
signal-receiving cell population (Figure S4). While high levels
of ligand expression in signal-sending cells are required in
a cell-autonomous manner to inhibit Notch at the cell surface
without inducing Notch endocytosis and degradation ([22];
see also Figure S1), Notch is required in these cells to limit
the levels of Ser at the cell surface and prevent unwanted
ectopic activation of Notch in the signal-sending cell popula-
tion. Ser clearance and Ser cis-inactivation might be two unre-
lated mechanisms mediated by Notch, and the ability of Notch
mutant cells to send the Ser signal to their neighbors might be
a consequence of reduced cis-interaction between Notch and
Ser. Alternatively, Notch might exert a dominant-negative
effect on the activity of Ser by reducing Ser cell surface levels.
Three lines of experimental evidence reported in this work
support this view. First, nonautonomous activation of Notch
was only observed in those mutant conditions that led to
increased Ser cell surface levels (Figures 3A and 3B, bottom
panels; Figure 4P). Second, when Ser transcription was
induced in the absence of Notch at the membrane, Ser cell
surface levels were increased and the nonautonomous effects
took place at longer distances from the DV boundary (Figures
4A, 4C, 4E, and 4F). Third, Dl cell surface levels were not
increased in clones of cells expressing NdsRNA, and depletion
of Dl was not able to rescue the nonautonomous activation
of Notch observed in NdsRNA-expressing cells (Figure 3F;
Figure S1).
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